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Introduction

Neutron induced reaction measurements

1 atthe High Flux Reactor
Institute Laue-Langevin (ILL), Grenoble (France)

249Cf(n,f) ternary fission measurements

at GELINA
Institute for Reference Materials and Measurements (IRMM),
Geel (Belgium)

245Cm(n’f)




Ternary fisslon measurements

ILL Grenoble
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High Flux Reactor ternary fission

- High Flux Reactor: above 10° n/cm?/s

+ PF1b neutron guide
+ 76 m length




High Flux Reactor ternary fission

Two heavy fragments are formed when the fissioning nucleus splits

O=(J)=0
+ Ternary fission: Y

three particles are formed

discovered in 1946 Vi




High Flux Reactor

~ Applied research

Important source of helium and tritium gas production
in nuclear reactors and used fuel elements

Accurate data requested by nuclear industry and safety specialists

C Fundamental research

Improving our understanding of the ternary particle emission

Ternary particles are emitted in space and time close to the scission point
information on the fission process itself

Aim of this work:




High Flux Reactor ternary fisston

Emission probabilities or yields

most common: ternary alpha particles

Long Range Alpha (LRA) particles  (« radioactive alpha decay)

tritons (t) and ®He particles

Energy distributions

Gaussian in shape

Average energy and Full Width at Half Maximum (FWHM)




Comparing for the same compound nucleus:

Spontaneous fission (SF)
E... = 0 MeV
Neutron induced fission (ny,,f)

E... = neutron binding energy = 6-7 MeV

exc

New results on the isotope %4°Cf(n,f)

04 249




High Flux Reactor

AE-E telescope detectors

Vacuum chamber

249Cf
H|:| Neutron be&

/ AE detector

Collimation (12mm)

E detector



different particles in the same material
Tla=(E + AE)L73 — EL.73

(T = thickness of AE detector, a particle and material specific constant)
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High Flux Reactor ternary fission

detection of the fission fragments

_ 2000 3000 2000 3000
o pile-up Channel Number Channel Number




High Flux Reactor

LRA-particles: Gaussian fit from 12.5 MeV
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High Flux Reactor ternary fission

E=10.99 0.32 MeV
FWHM =10.35 0.60 MeV
Area = 22588 2017

]

6He/LRA = (2.54 0.23)%
6He/B = (6.99 0.66)x10




Ht

High

Flux Reactor

ternary fission

E=842 0.27 MeV
FWHM =8.55 0.43 MeV
Area = 47654 3245

!

correction background
contribution

]

YLRA = (7.68 0.61)%
B =(2.10 0.18)x10°



High Flux Reactor

t and a emission studied under the
same experimental conditions
(C. Wagemans et al.)

Neutron induced fission

229Th’ 233,235U’ 237Np’ 239’241PU,
241,243 A m. 243.245,247Cm ,251
] ]

Spontaneous fission

238,240,242,244P 244,246,248Cm
] ]




High Flux Reactor

remains practically constant for all fissioning systems
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High Flux Reactor ternary fission




High Flux Reactor termary flssion
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High Flux Reactor ternary fission
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High Flux Reactor ternary fission
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High Flux Reactor

ternary flssion

Introduction of the factor S,

= Alpha cluster Sa

preformation probability

WKB

Decreasing value of S, due to the excitation energy

after capture of a neutron

Ao = experimental alpha
decay constant
Mg = calculated alpha
decay constant

This factor is not involved in the
triton emission process
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Flux Reactor ternary fission
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Requirement for low-energy neutron induced cross sections for Minor Actinides

Prediction of heavy actinide concentrations in reactor fuel elements

Reduction of long-term nuclear waste radiotoxicity by transmutation

Fission cross section for 24°Cm: nuclear database

Thermal fission cross section

(strong dispersion) L. Popescu \

—9°— Moore (1971)
—@— Browne (1978)
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Thermal and resolved resonance region
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GELINA (GEel LINear
Accelerator) facility
9.3m flight path

800 Hz repetition rate (resonance region)

s NEUTRON

50 Hz repetition rate (thermal region) g TARCET

Vacuum chamber

FLIGHT PATHS
SOUTH

Cd overlap filter

I]I:I Neutron beam Samples:
10-B + 235-U or 245-Cm

Collimation (12mm) SB detector
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cross section must be well reproduced
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Below 20 eV: the energy resolution
was improved compared to the
Browne’s measurement

Above 20 eV: nice agreement with
the Moore’s measurement
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Ira step. measurement wi an samples

Fourth step: measurement with 24°Cm and 1°B samples (50 Hz)

measurements partly done

to be analyzed

main goal: determine Westcott g; factor
(measurement of deviation from 1/v)




astrophysical reasons

P
important in the quest for the origin of 3¢S

earlier measurement at flightpath 8.5m:
cross section measured from some hundreds eV up to 45 keV
as well as thermal cross sections

ongoing measurement on flightpath 30m:

extend the energy range and improve the energy resolution




Conclusions

neutron induced reaction measurements are important

1 atthe High Flux Reactor of the ILL:
for ternary fission measurements
new results on 24Cf(n,f)

enlarge available database

able to search for systematics

2 at GELINA:
~ L .
determination of the 24°Cm(n,f) cross section
preliminary results

further measurements to improve statistics and




